Introduction: Distal radius fractures are common injuries treated in a multitude of ways. One treatment paradigm not extensively studied is initial treatment by external fixation (EF) followed by conversion to open reduction internal fixation (ORIF). Such a paradigm may be beneficial in damage control situations, when there is extensive soft tissue injury, or when appropriate personnel/hospital resources are not available for immediate internal fixation. Hypothesis: There is no increased risk of infection when converting EF to ORIF in the treatment of complex distal radius fractures when conversion occurs early or if EF pin sites are overlapped by the definitive fixation. Materials and methods: Using an IRB approved protocol, medical records over nine years were queried to identify patients with distal radius fractures that had undergone initial EF and were later converted to ORIF. Charts were reviewed for demographic data, injury characteristics, operative details, time to conversion from EF to ORIF, assessment of whether the EF pin sites overlapped the definitive fixation, presence of infection after ORIF, complications, and occupational therapy measurements of range of motion and strength. Results: In total, 16 patients were identified, only one of which developed an infection following conversion to ORIF. Fisher's exact testing showed that infection did not depend on open fracture, time to conversion of one week or less, presence of EF pin sites overlapping definitive fixation, fracture classification, high energy mechanism of injury, or concomitant injury to the DRUJ. Discussion: Planned staged conversion from EF to ORIF for complex distal radius fractures does not appear to result in an increased rate of infection if conversion occurs early or if the EF pin sites are overlapped by definitive fixation. This treatment paradigm may be reasonable for treating complex distal radius fractures in damage control situations, when there is extensive soft tissue injury, or when appropriate personnel/hospital resources are not available for immediate internal fixation. Level of evidence: IV, retrospective case series. (R.M. Natoli). specific operative method [3] . However, some meta-analyses of randomized controlled studies comparing EF to ORIF for surgical treatment of distal radius fractures suggest that ORIF results in lower DASH scores at 12 months and reduced infection rates [4, 5] . Further, when looking at the limited literature available for open fractures of the distal radius, immediate ORIF appears to have a low risk of major complications [6] , and planned conversion from EF to ORIF has been shown to require significantly more secondary procedures [7] , though the number of reported cases is small and there was no mention of the time to conversion.
Introduction
Distal radius fractures are one of the most common fracture types of the upper extremity [1] . There are several surgical options available to treat distal radius fractures [2] , including external fixation (EF), percutaneous pinning, or open reduction and internal fixation (ORIF) with volar and/or dorsal plating. There are advantages and disadvantages to these approaches, such that the American Academy of Orthopaedic Surgeons Clinical Practice Guideline provides an inconclusive recommendation for any one fixation. The EF can then be converted to ORIF at a later date once the patient has stabilized, the soft tissue is amenable to the added surgical trauma, and/or appropriate personnel (e.g., surgeon and staff) are available to manage the injury. Prior literature concerning infection for converting femoral and tibial shaft or peri-articular tibia fractures to definitive fixation with either intramedullary devices or ORIF with plates and screws have raised the question of (1) when is the appropriate time to convert and (2) can the definitive fixation overlap the EF pin sites [8, 10] ? We hypothesized that there would be no increased risk of infection when converting EF to ORIF in the treatment of complex distal radius fractures when conversion occurs early or if EF pin sites are overlapped by the definitive fixation. The purpose of the present investigation is not to discern whether treatment by conversion of external fixation to open reduction internal fixation leads to decreased infection compared to other treatment methods. Rather, starting with the scenario that conversion of external fixation to open reduction internal fixation will be the course of treatment, we investigate factors that may increase the risk of infection using this treatment paradigm.
Methods
This was an IRB approved retrospective review of the electronic medical records (EMR) of patients who had conversion from EF to ORIF for distal radius fractures at one institution from 2007-2015. Cases were generated by a search of the EMR for patients who had simultaneous codes for EF adjustment or removal (CPTs 20693 and 20694) and ORIF of the distal radius (CPTs 25607, 25608, and 25609). These cases were reviewed to ensure the treatment consisted of patients with distal radial fractures who were initially treated with EF followed by conversion to ORIF.
Where available, data extracted from the EMR included age, gender, mechanism of injury, soft tissue and other related injuries of the wrist complex, operative details, time from EF to conversion to ORIF, occupational therapy documentation of range of motion and strength at latest time post-conversion, presence or absence of infection during the treatment period, and other complications. Radiographs were reviewed to classify the fracture according to the AO/OTA fracture classification system [11] and to assess whether the EF pin sites overlapped the instrumentation for definitive ORIF.
Fisher's exact testing was performed to determine if open fracture, time to conversion of one week or less, presence of EF pin sites overlapping the definitive fixation, fracture classification, mechanism of injury, or concomitant injury to the distal radial ulnar joint (DRUJ) were significantly associated with the primary outcome of infection. Additionally, for open fractures, Gustilo-Anderson grade I and II fractures were compared to grade III fractures [12, 13] . Statistical significance was set at P < 0.05.
Results
A total of 16 cases were identified, all of which were patients who sustained distal radius fractures initially treated with EF followed by later conversion to ORIF (see Figs. 1 and 2 for case examples). Seven cases were poly-trauma. There were 10 left wrist injuries. All fractures eventually went on to unite, with two requiring bone grafting at conversion to ORIF and another requiring a staged Masquelet procedure upon conversion to ORIF. Table 1 shows the demographic data, mechanism of injury, AO/OTA fracture classification, whether the injury was an open fracture and the grade, and other associated soft tissue injuries. The average patient age was 46.1 ± 14.7 (mean ± SD) years. There were eight males. Eleven injuries were classified as high energy (fall from more than height, motor vehicle collision, pedestrian struck, and gun shot). Twelve injuries were either AO/OTA 23-C2 or C3 fractures. One case had a forearm compartment syndrome, two had acute median neuropathies, one had a complete flexor carpi ulnaris laceration from a sharp spike of bone from the radius repaired at the time of EF, and six had associated DRUJ injuries. Of the DRUJ injuries, two were stable after ORIF of the distal radius, one was treated by K-wiring the radius to the ulna, one with triangular fibrocartilage complex (TFCC) repair, and two with combined K-wiring the radius to the ulna and TFCC repair. All EFs were wrist spanning and placed within 24 hours of injury. Four were placed by fellowship trained Hand surgeons, three by unknown surgeons at outside institutions, and nine by General or Trauma trained orthopaedic surgeons covering our level 1 trauma center. For the 13 injuries initially treated at our institution, if the fracture was open, standard tetanus prophylaxis and 1st generation cephalosporin antibiosis was provided in the emergency department. One of the two Gustilo-Anderson grade III open fractures also received gentamicin (of note, this case had gross contamination with dirt and grass and is the only infection in our cohort). The injuries were then formally irrigated and debrided (I&D) in the operating room (OR) followed by EF placement. Of the three fractures referred to us, one was closed and the other two open. Details for tetanus and antibiotic administration in those cases are not available. In eight cases conversion to ORIF was volar plating alone, two were volar plating with supplemental radial styloid Kwires, one was volar and dorsal plating, one was volar plating with EF retained, one was volar plating and distal ulna replacement, one was volar plating and placement of antibiotic spacer in the bone defect, one was dorsal wrist spanning plate with supplemental fragment specific fixation of the volar ulnar corner, and one was a dorsal wrist spanning plate plus plate fixation of the distal ulna fracture (the infected case). One spanning plate was planned for staged removal and underwent this at 3.5 months after conversion. The other spanning plate was removed at 3.5 months (the infected case) at the time of first I&D for the diagnosis of deep infection. Table 2 shows data post-conversion. Time to conversion was 8.5 ± 3.9 days after EF (or 17.9 ± 37.8 days when including the only outlier > 20 days, where conversion occurred at 159 days after gun shot injury). Only one of 16 cases had documented infection, ascertained by return to the OR for I&D with positive cultures from intra-operative specimens. This case consisted of a 36-year-old male intoxicated driver in an MVC who sustained multiple other skeletal injuries and was treated at our institution from the outset. The injury was an open AO/OTA C2 fracture grossly contaminated with grass and dirt with bone protruding through a large dorsal wound ultimately requiring a local rotational flap. The wound communicated with both the radius and ulna. Conversion to ORIF took place at 4 days and there was overlap of the pin sites with the dorsal spanning wrist plate. There was an associated DRUJ injury that went unrecognized until 1 month post-conversion to ORIF, which then underwent K-wiring of the radius to the ulna. He was diagnosed with a deep infection 3.5 months after initial treatment. At that time his dorsal spanning plate was removed and he was treated with systemic antibiotics. The cultures grew a Bacillus species and Mycobacterium smegmatis. He underwent three further I&Ds for ulnar osteomyelitis over a seven month period and was treated with vancomycin, pipercillin-tazobactam, and levofloxacin prior to clearing the infection. His final radiographs showed distal ulna resorption (i.e., auto-Darrach).
Three cases were complicated by superficial sensory branch of the radial nerve neuritis that resolved with observation. One case was complicated by flexion contractures of the middle, ring, and small finger PIP joints that were treated with OT and serial casting. This patient was ultimately satisfied with residual 20-25 • flexion contractures at these joints at treatment end. One case was complicated by a distal radioulnar synostosis. This patient is currently contemplating surgical treatment. Finally, one volar plate was removed for symptomatic hardware.
Data for range of motion and strength were culled from occupational therapy notes at an average of 130 days post-conversion (Table 2) . Data was not able to be obtained for all patients, and contralateral extremity data was not routinely available. Range of motion averaged 41.9 • flexion (n = 13), 44.2 • extension (n = 13), 67.8 • pronation (n = 11), and 57.4 supination (n = 11). Grip strength was 26.2 lbs (n = 9), lateral pinch 9.5 lbs (n = 7), and 3-point pinch 7.5 lbs (n = 7). Table 3 shows P-values for Fisher's exact testing of an association between infection and open fracture, time to conversion of one week or less, presence of EF pin sites overlapping definitive fixation, fracture classification, high energy mechanism of injury, 
Discussion
In this study we retrospectively reviewed a paradigm consisting of initial treatment of complex distal radius fractures with wrist spanning EF followed by conversion to ORIF. Our primary aim was to determine if this treatment algorithm increases the possibility of deep infection based on conversion time or overlap of the external fixation pin sites with the definitive internal fixation. The infection rate was 6.25% (one in sixteen cases), and it did not depend on whether the fracture was open, high energy, AO/OTA type C2 or C3, or associated with a distal radioulnar joint dislocation. Further, infection was not related to conversion to internal fixation within one week or whether definitive ORIF overlapped the EF pin sites.
There are multiple acceptable treatment options for distal radius fractures [2, 3] . A recent meta-analysis of studies comparing EF to ORIF for distal radius fractures suggested ORIF has a reduced infection rate [4, 5] . Data from the studies included in these analyses show a range on infection rates from 0-5.5% for ORIF and 0-30.8% for EF. It should be pointed out that some of those studies excluded open fractures, some of the EF groups consisted of K-wire fixation only, and many of the reported infections were superficial pin tract infections treated with PO antibiotics without pin removal.
Perhaps a more appropriate comparison group for the present study is infection after open distal radius fractures, as 69% of our cohort had open injuries. It has been pointed out that there is limited literature on open distal radius fractures [6, 7, 14, 15] . Excluding pin tract infections, deep infection rate for open distal radius fractures ranges from 0-22% employing a range of fixation strategies [6, 7, 14, 15] . Our infection rate of 6.25% compares favorably. Rozental et al. [15] reviewed 18 patients and found that Gustilo-Anderson classification was associated with infection. In contrast, studying 42 patients, Glueck et al. [14] did not find Gustilo-Anderson classification to be predictive of infection. Rather, the presence of gross contamination was predictive of infection. The only deep infection in the present study occurred in a patient with gross contamination of a Gustilo-Anderson grade III open fracture, supporting both prior findings. Time to debridement and immediate ORIF have not been associated with increased infection in treatment of open distal radius fractures [6, 7] .
A recent paper has suggested that treatment of open distal radius fractures with external fixation and K-wires as sole treatment does not produce satisfactory outcomes [16] , and it has been shown that immediate ORIF of open distal radius fractures is safe in geriatric patients [6] . It has been noted that open distal radius fractures beyond Gustilo-Anderson grade I do not fare as well as their closed counterparts [15] , and it has been suggested that if the on-call surgeon is not comfortable with initial definitive fixation, then the distal radius should be reduced and splinted following operative I&D with subsequent post-operative consultation of another surgeon for definitive ORIF [17] . We are aware of only two studies in addition to the present that look at conversion of EF to ORIF. Glueck et al. [14] had six patients and none developed infection. Kurylo et al. [7] reported on five patients, with three of the five (60%) requiring further surgical procedures for complications. They concluded complications requiring secondary procedures are more common in planned staged conversion from EF to ORIF compared to either EF or ORIF alone. In our cohort of 16 patients treated with staged conversion, there were only two patients (12.5%) who underwent unplanned further surgical treatment (excluding planned spanning dorsal plate removal) for complications. One patient was the only infection case requiring three additional I&Ds to clear the infection; the other patient had a volar plate removed for symptomatic hardware. A final patient is considering treatment of a distal radioulnar synostosis. Given the small number of patients reported on in the literature thus far, it is not clear that the complications are directly attributable to the treatment and not the nature of the injury. The only directly attributable complications to EF in the present cohort is radial neuritis. Our study is the only reporting on time of conversion to ORIF from EF, and this may be a factor in the development of non-infectious complications in staged conversion of EF to ORIF.
The present study has several limitations. The number of patients is few, but compares reasonably well with other reports on open distal radius fractures. It is retrospective, and therefore only as accurate as the charting in the EMR. This was most evident in the limited data collected at non-uniform times in the occupational therapy notes. Further, there is no comparative or control group, and the variability in the injuries invariably leads to variability in treatment, specifically the heterogeneity of the ORIF constructs. However, the strength of the study is that there was only one infection, suggesting it is a safe approach to treating these complex injuries.
In summary, starting with the scenario that conversion of external fixation to open reduction internal fixation will be the course of treatment, we investigated factors that may increase the risk of infection within that paradigm. Analysis showed that none of the factors examined were associated with increased risk of infection (e.g., time to conversion or overlapping of EF pin sites with definitive fixation). The present study adds to the sparse literature on the treatment of complex open distal radius fractures for which there is no established treatment strategy. We propose a treatment paradigm that may be beneficial for patients in clinical situations of damage control, extensive soft tissue injury, or when appropriate personnel/hospital resources are not available for immediate internal fixation. Further investigation comparing infection risk and patient outcomes using this treatment paradigm compared to other treatment strategies is warranted.
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